Several studies in middle-aged men have consistently shown impaired glucose tolerance (IGT) to be associated with excess mortality, especially that due to ischaemic heart disease (IHD) [1, 2] , whereas this association is not obvious in elderly people [3] . Controversy remains as to whether the macrovascular disease is attributable to the hyperglycaemia per se as is the case in microvascular disease, or to traditional risk factors (high blood pressure, hypercholesterolaemia, smoking etc.) [1] . Patients with IGT, a target group for non-insulin-dependent diabetes mellitus (NIDDM) prevention [4] , are characterised by a sedentary way of life and poor physical fitness [5±7], coupled with insulin resistance [8] . In the general population both obesity and physical inactivity are associated with increased incidences of NIDDM [7, 9] and Diabetologia (1998) Summary Impaired glucose tolerance (IGT) is associated with increased mortality due to ischaemic heart disease (IHD), but as it is not known whether this excess mortality can be reduced by preventing or delaying the development of non-insulin-dependent diabetes mellitus (NIDDM), a long-term NIDDM prevention trial of dietary counselling and physical exercise was launched at Malmö, Sweden, the 12-year follow-up of which is reported here. At 12-year follow-up of 6956 men who underwent health screening at 48 years of age, an IGT intervention group (n = 288) who participated in a long-term NIDDM prevention programme were compared with an IGT non-randomised routine treatment group (n = 135), a diabetic group (n = 144), and the remainder, the normal glucose tolerance (NGT) group (n = 6389). The variables studied included the levels of blood glucose, plasma insulin, blood pressure, blood lipids, lung function and maximum oxygen uptake. Subjects with IGT were characterised by overweight, poor vital capacity, hypertension, hypertriglyceridaemia and hyperinsulinaemia. The mortality rate in the IGT intervention group was similar to that in the NGT group (6.5 vs 6.2 per 1000 person years at risk) and lower than that in the IGT routine treatment group (6.5 vs 14.0, p = 0.009). In the two IGT groups taken together, intervention but not body mass index, systolic blood pressure, smoking, cholesterol or the 2-h glucose level predicted mortality. Systolic blood pressure was a predictor of IHD mortality among IGT subjects; and in the cohort as a whole, body mass index, systolic blood pressure, hypercholesterolaemica, diabetes and smoking were predictors of IHD mortality. The findings suggest that a long-term intervention programme, with an emphasis on lifestyle changes, including dietary counselling and physical exercise, will reduce mortality in subjects with IGT who are at an increased risk of both developing NIDDM and of premature death due to IHD and other causes. [Diabetologia (1998 
IHD [10] . A higher degree of leisure-time physical activity is associated with a reduced mortality from any cause and from IHD in both men and women [11±14] . Men beginning moderately vigorous sports activity have lower death rates than men who do not take up sports activity [15] . Strategies for the primary prevention of NIDDM should not only aim at the prevention of hyperglycaemia, but at the reduction of excess mortality [16] . However, NIDDM prevention studies showing any effect on such endpoints as IHD, myocardial infarction, stroke or death, are almost lacking. Indications of a beneficial effect on 6-year mortality in the IGT diet and exercise subgroup were found by us in the Malmö prevention study [17] and in the subgroup treated with tolbutamide in the Malmöhus county study [2] .
In the Malmö prevention study, 6956 48-year-old men underwent a health screening programme during the period 1975±79 [6] , 423 men with IGT being identified as candidates to test the feasibility of an NIDDM prevention programme including diet and exercise. Because of department routine the study was not randomised except for the first 6±12 months. The study population as a whole (6956), i. e. including those with diabetes at the outset, have since been followed with regard to the development of diabetes (until the age of 54), and mortality and causes of death until their 60th birthday.
In the present study, which constitutes the latest phase of the prevention study, the overall aims were threefold; 1. to ascertain whether, at the age of 60, the IGT intervention group (i. e. men with IGT who participated in the NIDDM prevention programme) were still characterised by a survival rate comparable to that in the (normal glucose tolerance) NGT group, as was the case at the age of 54; 2. to determine whether mortality in the IGT intervention group was lower than in the IGT routine treatment group (i. e. non-randomised non-participants in the NIDDM prevention programme); and 3. to identify possible predictors of death in the IGT subgroups and in the cohort as a whole.
Subjects and methods
Subjects. The original study population consisted of six birthyear cohorts comprising a total of 6956 48-year-old men (born 1926±31) who underwent health screening including a duplicate glucose tolerance testing (GTT) in 1975±79 [6] . Conventional medical examination and treatment were offered to all patients with unregulated diabetes or hypertension (newly detected or previously known cases), hepatopathy (i. e. increased liver enzymes), hyperlipidaemia or minor disorders, subgroups accounting for approximately 25 % of the cohort. Overweight men (> 125 % of ideal weight) were given written dietary advice. Subjects with IGT were offered referral to a specially formed clinic for long-term intervention with diet and exercise [17] .
The present study population thus consisted of four subgroups originally identified at a mean age of 48 years. The first of these was the diabetes subgroup of 144 patients with diabetes at the start of the study, of whom 101 were already known cases (34 of them being treated with insulin, and 67 with blood glucose lowering agents and/or diet), and 43 were newly detected at screening; those with newly detected diabetes and those with poor metabolic control were referred to the diabetes clinic. Of 423 men with IGT identified at two consecutive GTTs within a 2±3 week period, using local criteria [6] (the screening having been performed before the advent of the World Health Organization (WHO) criteria), 288 (the IGT intervention group) were assigned to the diet and exercise programme, and 135 (the IGT routine treatment group) were given basic advice etc., but were not assigned to the programme for various reasons (due to other check-ups; change of residency, could not or would not participate). There were no differences in the baseline glucose levels on either of the two GTTs [17] . The remainder of the cohort (n = 6389), referred to as the NGT group, were characterised either by normal glucose tolerance (n = 5577) or a non-reproducible, probably erroneous, abnormal GGT result (n = 812).
Measurements. Screening investigations were performed by specially trained nurses in the morning after the subjects had fasted overnight. The investigation included measurement of body height (nearest cm), body weight, triceps skin fold (Harpenden callipers), forced lung capacity (Spirotron equipment), blood pressure and heart rate after 10 min rest, and an ECG. In a random sample (n = 641), maximum oxygen uptake (VO 2 max) was estimated during a bicycle ergometer test [5] . A computerised questionnaire was answered during glucose tolerance testing. A 2-h oral GTT was performed in 93 % of the subjects, and a 90-min intravenous test (IVGTT) in 7 %. During the screening period 1974±79 the cut-off level for fasting and 2-h glucose at oral GTT was 120 mg/dl, corresponding to approximately 7.0 mmol/l according to the SI system adopted in 1976. A glucose disappearance rate (K t ) at IVGTT below 1.00 %/min was regarded as abnormal [6] . Capillary blood glucose was analysed with a hexokinase method, plasma insulin with a standard radioimmunoassay and blood lipids were analysed with standard methods.
Intervention and follow-up. The Malmö NIDDM prevention programme has been described in detail previously [17] . In brief the programme targeted the IGT group of the cohort, and the men were invited to participate in a long-term feasibility study with organised dietary therapy and physical exercise with annual check-ups over a 6-year period. Multiple physical and metabolic improvements (e. g. fitness, blood pressure, lipids, glucose and insulin levels) were achieved without more medication. At a mean age of 54, all men who were still resident in the Malmö region were invited to a second screening investigation in 1982±85 [7] , after which the IGT intervention group was followed continuously on a regular clinical basis for another 6-year period. Those men in the IGT routine treatment group who had developed diabetes were referred to the diabetes clinic and those who still had IGT were again informed about the condition and given basic advice on lifestyle and diet. No further approach was made to the remainder of the cohort. Between the ages of 48 and 54, the average annual conversion rates to diabetes were 0.3, 1.7 and 4.6 % for the NGT, IGT intervention and IGT routine treatment groups respectively [7] . No systematic prevalence data for the cohort are available at the age of 60 years.
Mortality. Mortality was monitored by scrutiny of the registry at Statistics Sweden (the national bureau of statistics), starting when the average age of the cohort was 48 years and continu-ing until their 60th birthday, a mean duration of follow-up of 12 years. Causes of death, obtained from death certification which in most cases was based on post-mortem reports (in Malmö at the time of the study, the autopsy rate was approximately 80 % [18] ), were classified according to ICD-9 codes: 410±414, ischaemic heart disease (IHD); 420±429, other heart disease; 430±438; cerebrovascular disease; and 140±239, malignancies; or designated other causes'.
Statistical analysis.
Values are means ± SEM. The t -test or the Wilcoxon test (triglycerides and insulin) were used to determine group differences and the Chisquare test to determine differences in frequencies. The Kaplan-Meyer life-table method was used for survival analyses, and the log-rank test for group comparisons. Mortality rates were calculated with exact 95 % confidence intervals (C. I.). Regression analysis (Cox's proportional hazards model) was used to identify predictors of death. Values with skewed distributions were log transformed before testing.
Results
Overall (all-cause) mortality. Survival analysis showed the four study groups to differ markedly in mortality ( Fig. 1 ). Both the diabetes group and the IGT routine treatment group were characterised by early excess overall mortality, the respective death rates being 3 times (p = 0.0001) and 2 times (p = 0.0003) greater than that of the NGT group. However, mortality in the IGT intervention group closely paralleled that of the NGT group, and by the age of 60 there was no difference in overall mortality between these two groups. Moreover, overall mortality in the IGT intervention group was significantly lower than that in the IGT routine treatment group (p = 0.009). Taking the two IGT groups together mortality was higher than in the NGT group (8.8 vs 6.2 per 1000 person years at risk, p < 0.05).
Causes of death. Specific causes of death are given in Table 1 . Vascular deaths and deaths due to malignancies were of comparable frequency in the NGT group. In the IGT routine treatment group and the diabetes group, ischaemic heart disease was the major single cause of death, the frequency being 4±7 times greater than that in the NGT group (p < 0.001). However, mortality due to IHD in the IGT intervention group was lower than that in the IGT routine treatment group or the diabetes group with risk ratios of 0.49 (95 % C. I. 0.20±1.25) and 0.24 (95 % C. I. 0.11±0.51) respectively, and only 2-times greater than that in the NGT group (risk ratio of 1.94 with 95 % C. I. 0.98±3.50). On the other hand, mortality due to non-vascular disease in the IGT intervention group was only half that in the NGT group, and only a third of that in the IGT routine treatment group (p < 0.05 in both cases).
Baseline risk factors for NIDDM and cardiovascular disease. The frequency of a family history of diabetes increased with increasing impairment of glucose tolerance ( Table 2) . As compared with the NGT group, the diabetes group and both the IGT subgroups were characterised by greater weight gain in early middle age, less physical activity, and a somewhat lower pro- portion of smokers. Hypertension was significantly more prevalent among all of the glucose intolerant groups, the frequency being comparable in the IGT groups and the diabetes group. The frequency of a previous diagnosis of IHD (angina or myocardial infarction) was low, being increased in the diabetic group only. As clearly shown in Table 3 , men of this age group with IGT and diabetes are more obese (e. g. increased BMI and subcutaneous fat layer) and less fit (e. g. higher resting heart rate and lower vital capacity) than men with normal glucose tolerance. They are also characterised by high blood pressure, hyperlipidaemia, higher fasting glucose level and hyperinsulinaemia. A higher proportion of the IGT groups than expected were found to have values within the 5th quintile for fasting insulin, blood pressure, triglycerides, the most extreme value being the 2-h insulin level for which 3 or 4 subjects had values in the 5th quintile (data not shown). Except for a small difference in blood pressure, the two IGT subgroups had a comparable physical and metabolic profile.
Predictors of death in IGT subjects (Table 4) . For the purpose of identifying possible predictors of death, the two IGT subgroups were combined. A minor set of variables was selected with regard to the number of events and to avoid highly correlated variables. For 392 of the 423 subjects, complete data were available for body mass index (BMI), smoking, systolic BP (blood pressure), cholesterol, 2-h glucose, previous myocardial infarction or angina (IHD), and intervention. 385 (91 %) free of IHD were included in a Cox regression model. In a stepwise procedure all-cause mortality (10 % [38/385]) was predicted by intervention only with a risk ratio of 0.45 (95 % C. I. 0.24±0.85, p = 0.012), followed by systolic BP, and smoking (0.10 < p < 0.20 for both) when all variables were kept in the model (forward selection procedure) ( Table 4 ). IHD mortality (5 % [20/385]) was predicted by systolic BP only in the stepwise procedure (p = 0.016), followed in a forward selection procedure by BMI (p = 0.069) and smoking (p = 0.19). The same result was obtained also after the exclusion of subjects who died from other causes (n = 18). Both for all-cause and IHD mortality, all other variables had p-values greater than 0.20.
Risk factors for death in the cohort as a whole (Table 5). Values for relevant variables from Tables 2  and 3 were subjected to regression analysis (Cox's proportional hazards model) to identify possible risk factors for all-cause mortality and for IHD mortality. Only men free of IHD at entry were included. Complete data for BMI, smoking, systolic BP, cholesterol, forcecd vital capacity, fasting blood glucose, presence Values are means ± SE. In the diabetes group OGTT was performed in previously undiagnosed cases only. a±c p < 0.05±0.001 compared with the NGT group; d±f p < 0.05±0.001 between the two IGT groups, whereas all other values were not significantly different of IGT, and previous diabetes or medicated hypertension were available in 5734 subjects; 5256 of the NGT group, 256 of the IGT intervention group, 107 of the IGT routine treatment group, and 115 of the diabetes group (representing newly detected cases or patients with only dietary treatment). 427 died, 136 from IHD. With all variables in a regression model systolic BP, forced vital capacity, diabetes and smoking predicted all-cause mortality (Table 5 ). In a stepwise procedure (data not shown) all-cause mortality was predicted by smoking (p < 0.0001), diabetes (p < 0.0001), systolic BP (p = 0.0001), poor forced vital capacity (p = 0.0001), and fasting blood glucose (p < 0.05). IHD mortality was predicted by diabetes (p < 0.0001), systolic BP (p < 0.0001), smoking (p < 0.0001), cholesterol (p < 0.001), IGT (p < 0.01) and BMI (p < 0.05).
Neither plasma insulin nor triglyceride values were an explanatory variable vis-à-vis subsequent IHD or all-cause mortality when tested in the models. As shown above, the actual level of systolic BP had an impact on both total and IHD mortality, whereas the information on whether medication or not (drug not specified) did not. The fitness related variables vital capacity and BMI were significant predictors of overall mortality and IHD mortality, respectively. In a subgroup from the whole cohort who underwent an ergometer test, estimated maximum oxygen uptake was 15 % lower in men who died of IHD (n = 22) than in those who survived (n = 587) [27.9 ± 6.4 vs 32.8 ± 8.7 ml × min 1 × kg 1 (mean ± SD), p = 0.002].
Discussion
Both IHD and all-cause mortality are increased not only in patients with diabetes [3, 19] but also in middle-aged non-diabetic subjects whose 2-h glucose values are in the upper range [1, 2] . However, solely lowering blood glucose by pharmacological means seems to be insufficient to bring down the increased rate of IHD events. Only one of the three previous IGT intervention studies of reasonable length in which mortality was studied have shown any effect of pharmacological treatment or diet on mortality [2] . In the two British studies [1] , this was hardly to be expected since treatment had no effect on NIDDM incidence. A common genetic antecedent hypothesis has even been proposed to explain the similarity in predisposition to IHD and diabetes [1] . However, in the Malmöhus county study, mortality reduction was not surprising because the 10-year NIDDM incidence in IGT subjects was reduced by diet regulation with and without pharmacological intervention [20] .
In the present Malmö (city) NIDDM prevention study no excess 12-year mortality was found in middle aged IGT men who started and for various periods (90 % for 6 years) participated in the feasibility study with diet and exercise [17] . Because of department routines no randomisation to the intervention programme could be performed. Basic advice (e. g. lifestyle and diet) was given to all IGT subjects, and intervention undertaken in the case of unregulated hypertension or increased liver enzymes. However, the difference in mortality between the two IGT groups could not be explained by group difference in the baseline risk factor profile except for a small difference in BP (for which correction was made in the regression analysis), or in the number who gave up smoking during the intervention programme. Few subjects were uninterested in participating in the intervention programme, and in most cases non-participation was attributable to department routines (e. g. change to written advice only during the end of the screening period or further check-ups of blood pressure), the case being taken over by the patient's own physician, changes of residence, or inability due to employment outside the region. Thus it is unlikely that the difference in mortality is a matter of self-selection to the intervention programme. Moreover, in the Malmöhus county study, that was performed in the nearby city of Lund (20 km), IGT was associated with an increased mortality both among those who received dietary treatment and in control subjects [2] . The close similarity of the survival curve of the IGT intervention group to that of the NGT group that was manifest at 6-year follow-up was still manifest at 12-year follow-up despite the higher NIDDM incidence in the interim. Over the 12-year study period as a whole there were no long-term serious adverse events of the intervention programme in terms of accidents or sudden deaths due to increased recreational physical activity, or of malignancies due to changes in diet. On the contrary mortality due to non-vascular causes was lower in the IGT intervention group than in the NGT group. Both IHD and all-cause mortality were approximately 50 % lower in the IGT intervention group than in the IGT routine treatment group, as was the incidence of NIDDM [17] . In contrast, the IGT routine treatment group and the diabetes group both manifested the expected excess mortality.
The lack of difference in both IHD and all-cause mortality between the IGT intervention group and the background population (NGT) is remarkable in view of the multiple risk factors found in the IGT group, for example 14 % (vs 4 %) treated for hypertension. BP was a strong predictor of IHD mortality both in the cohort as a whole and in the two IGT subgroups, findings consistent with those of other studies on mortality and cardiovascular disease associated with IGT [1, 20, 21] . This supports the idea of early intervention in high-risk groups, e. g. IGT and NIDDM [1, 22] . A 3-fold increase in 2-h plasma insulin was found in the IGT groups. Because insulin resistance is a crucial factor in glucose intolerance, instituting measures to improve insulin sensitivity would be the rational approach to reduce IHD mortality [23, 24] . This is supported by the identification of certain risk groups for developing NIDDM (e. g. people with overweight, hypertension or family diabetes) in whom physical activity is associated with a dose-response effect on NIDDM incidence [9] . Our own previous short-and long-term studies have clearly shown multiple metabolic effects of diet and/or physical exercise in IGT subjects [17, 25, 26] . Diet and exercise act synergistically, yielding an improved glucose metabolism, increased insulin sensitivity, lowered blood pressure and a less atherogenic lipid profile (lowered triglyceride level and low: high density cholesterol ratio), improvements that reasonably explain the lowered mortality in the IGT intervention group [27] .
The findings in this study that the sedentary trait' (obesity, low vital capacity and resting tachycardia) was associated with IGT and diabetes and that vital capacity was a predictor of overall mortality, and BMI and poor maximum oxygen uptake a predictor of IHD mortality are consistent with those of other studies. Such studies, which have mainly been carried out in non-diabetic cohorts, have shown a relationship to exist between poor cardiorespiratory fitness and both ischaemic heart disease (including primary cardiac arrest) and all-cause mortality [15] . The left ventricular mass is a strong predictor of mortality, and the cardioprotective effect of physical exercise may be due to the reduction in the left ventricular mass which occurs during training [28] . In one study fit men had lower age-adjusted all-cause death rates irrespective of glycaemic status [14] , and in a prospective Finnish study, a strong graded correlation was found between physical fitness and myocardial infarction [12] .
A possible explanation for the no-excess mortality is the successful long-term lifestyle modification programme combined with check-ups and re-inforcement based on test-result feed-back. Basic advice only (written or given orally) and routine treatment seem to be insufficient to induce lifestyle changes in sedentary and overweight individuals [17] . The Malmö study was conducted as a feasibility study to develop and test adherence to and health outcome of a long-term diet and exercise programme in this target group for NIDDM intervention. The purpose of the programme was to modify lifestyle in a manner readily acceptable to most patients at risk of NIDDM and the associated cardiovascular risk. However, it seems also to have had an effect on non-vascular mortality that was found to be lowest of all study groups. During the six years of active intervention with annual check-ups, the programme was found to be feasible with a very low drop-out rate (10 %), and for the first time ever it was shown that body weight could be kept down and physical fitness (VO 2 max) improved in sedentary men with IGT between the ages of 48 and 54 years. This is in contrast to the difficulties of increasing physical activity by more general measures as was used in the Stanford five-city project [29] . The findings in the Malmö study of a reduced NIDDM incidence by diet and exercise has recently been confirmed in a large IGT study in northern China [30] although no mortality data have been reported.
The Malmö study shows that mortality is increased in middle-aged IGT men but that early intervention and lifestyle changes may be successful and result in lower than expected overall mortality over a 12-year period, due to reduction in both vascular and nonvascular deaths. Although the study was a non-randomised feasibility study, the results are compatible with the hypothesis that if NIDDM incidence could be reduced, the mortality rate in IGT will fall. In the Malmö study both these reductions were approximately 50 %, results that are compatible with those obtained in the Malmöhus county study. The new finding in the Malmö study is the beneficial effect of physical exercise on the long-term outcome of IGT which in turn derives support from observational studies showing relationship to exist between poor physical fitness and mortality. Because the effect on mortality was sustained for another 6 years after the active intervention programme, non-pharmacological treatment is to be recommended more often in high-risk groups for cardiovascular disease. Findings in the Malmö study support the view of increasing preventive efforts in IGT as outlined in a recent consensus conference [31] .
